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Motivation

Charm quarks:
* Produced early in heavy ion collisions at 105 Blctroweat symretry breaking °
RHIC, through hard scattering >
‘u'; 10 4
* Experience the whole evolution of the é 2
system -> good probe for medium X 10 4
properties T .. )
n 10° |
()]
. . -g)
Physics interest: T ol d QCD Vacuum
................... ' X Symmetry breaking
. . ! u
* High p;: test different energy loss 1 —
H . H H HPS- 1 10 10 10 10 10
mechanisms: radiative vs collisional QCD quark mass (MeV)
: : X. Zhu, et al, Phys. Lett. B647, 366(2007).
* At low p;: extract medium properties from
motion of heavy quarks in medium

(Brownian motion), e.g. Q6P and hadrnic phase
diffusion coefficient initial state hydrodynamic expansion S e
. . 1

pre-equilibrium
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Recent developments and understanding

RHIC and LHC: D-meson R, <L + ® D'0-10% STAR
suppression at high p; :strong charm- ¥ DO-10%ALICE
medium interactions + 7 T0r10% PHENX
L | O h*0-5% ALICE =]
DO v, LHC results are compatible with os _+ + } + |
light flavor v,, charm thermalized? FPog '
0 olg oM g gmogo
v, and RAA.can be used simultaneously . m D 50.50% ALICE"
to constrain models 03— O ht30-50% ALICE
! ped. + i
. . — O —
What is occurring at low p;at RHIC? 02 Eh + + oy +
B (=] o .
. . o 0.1 El#;&fp i
Low p- v, Is especially sensitive to the - |
partonic medium: scattering strength, O —
transport properties b ; > ) . s . - 3
Transverse Momentum P, (GeV/c)
For R, talk see G. Xie (Monday 15:10) STAR:PRL 113 (2014) 142301
PHENIX:PRL 101 (2008) 232301
ALICE: PRL 111 (2013) 102301
arXiv:1509.06888 (2015)
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p— STAR experiment

Tracking,

PID (dE/dx) -1< 7 <1, 0<@<2 VPD:
TOE: Min-Bias trigger

PID (1/8)
X

T=ne

b — \

Heavy Flavor Tracker:
* Silicon Strip Detector

* Intermediate Silicon Tracker
* PiXeL

AN
¢ A X
WY g}}a b .‘\\.’
P )
v

N

LAY
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e STAR experiment

Tracking,

PID (dE/dx) -1< n <1’ O$(p<2'|'[ VPD:

TOF: Min-Bias trigger

PID (1/A
LW

I“

Heavy Flavor Tracker:

e <50 um pointing resolution for kaons @
750MeV/c

* Thinned Monolithic Active Pixel Sensor
technology

* Low material budget (0.4% X, for inner most
layer)

« See talk by G. Contin (Tuesday 15:00)
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[P reconstruction L L LI A=
700 STAR Preliminary —
= Au+Au Vsyy = 200 GeV
. . =< 600 RHIC Run 2014 —
« Direct topological > e
. .| = 500 —
reconstruction through channel: | 5 " E =
T 400F 1o°f N =
()] — c 3
— £ 390F ".F Without HFT Cuts ¥ +
DO <DO) % K:Fﬂ.:t Q - 1065' -% -
S 200F °F | =
8 = :g:;' With HFT Cuts ] 125M MinBias Events I
100 ""F e, E SWS+B =18 =
BR 39% CT ~ 120 Hm - l1'.7 ' 1'.8l K 1 P 21 | | | | -
0 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.
. ) Invariant mass, mg,, (GeV/c?)
* Greatly reduced combinatorial
background (4 orders of
magnitude)
« Topological cuts optimized
using TMVA (Toolkit for —
Multivariate Analysis) \
d : D° Decay
X , | Detail
0* ' (D::;Irame f.é‘:
I I
‘ Primary Vertex
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DP reconstruction using HFT

sof Au+Au 200GeV, 0-80% MB
< F 1.0<p, <2.0 GeVlc ] L.
2 asf _ 3 « Significance greatly enhanced compared to
X, e, —unlike, same evt 1 .
G F s, —like, same evt ] STAR previous, 2010+2011 results.
S #F Tres, —unlike, mixed evt -
[} 5 2 ® o ]
= L - N w/o HFT w HFT
S 4w e E 2010 + 2011 2014
% ([ #D°=8038 = 360 e E +
£ L sisiBzes *‘“""
3 s E # events(MB) 1.1B 780 M
- STAR Preliminary - analyzed
0 TE e T e 05 21 .
M, (GeV/c?) sig per 13 51
P billion events
200; Au+Au 200GeV, 0-80% MB E
180 50<p; <80 GeVic = & | STARAu+Au200 GeV'MinBias
Ng 160; —gnlike, same evt ~— 20} (@) 0<p <8GeVic -
> b #Dovi” + 29 —like, same evt E X lyl <1, 0-80%
- S/VS+B=14.4 —unlike, mixed evt n
120 - +— 15} * same event (SE)-
Swoi E = > —— mix event (ME)
= 100f 3
& r 4 o] - SE-ME [x 200]
% 80:* + STAR P .. O 10 7
3 .F reliminary
S oo ++ ] STAR 2010/11
40f- + - 51
20% +++++++++ + 4t
by Th WWM#% K | ot
LR - 195 2 205 2f 0 05 10 15 20 25 30
MKn (GeV/c ) . " ; 5 , ;
M. (GeV/c?-) STAR: PRL 113 (2014) 142301
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v,: Event plane method

» Event plane reconstructed using
charged hadrons within STAR TPC

acceptance (In|<1) 850

Au+Au 200GeV, 0-80% ]
3< P, < 4 GeVlic

- - vSb* = 0.080 + 0.023

TllllTTT?

* Corrected for detector acceptance 800

* Yields in ¢—W bins corrected for
event plane resolution

Weighted yield
~
3

vy = ,Uobs < 1
2 E.P. Resolution 600

Arn gap of ~0.15 used in event plane 550
reconstruction

,UgonFlow _ < Zh COS(2(¢DO - ¢h)) > € p+p
Mvy < Au+Au

STAR Preliminary

R R AN R R RN S
02 04 06 08 1 12 14 16

o

'|II|IIII|IIII|IIII|IIII|IIII|III

TT*Tll||T||||T||||T||||T|||

o

* Non-flow estimated from measured
D-h correlations in p+p 200GeV

\STAR * ‘“

= 15KOBEJAPAN

AM. Poskanzer, et al. PRC 58 (1998) 1671
STAR: PRL 93 (2004) 252301
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v,: Two particle correlation

* Event by event v, for
foreground and

background
< cos(2pn1 — 2pp2) >= (V)?
p  <cos(2pp — 2pp) >
Vé —

\/< cos(2pp1 — 20p2) >
* h;inm<0,h,inn>0

« Statistically subtract
background from
foreground to obtain D° v,

 (orrected for detector
acceptance

istar « @)

= 15KOBE JAPAN

0.01|;H -

. |
E @ Foreground q*
0.008— —
- ©Background i
A 0.006}— —
<= - ]
] $
1z i ‘@ i
O n i
V 0.002|- —
I W e eeo-- —
STAR Preliminary i
—o.oo:E @ -
—_— 4

1 2 4 5 6

Transverse Momentum P, (GeV/c)

A.M. Poskanzer, et al. PRC 58 (1998) 1671

For details see poster by L. He
(Exhibition space 4)
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D' reconstruction

» Direct topological reconstruction through
channel:

DT = KFor*
B.R. 9.1% ¢ ~ 300 pum

* Yield in plane and out of plane obtained
following event plane method

J-e—

) 120 — © 100 —
> - Au+Au \sy, = 200 GeV . > B Au+Au \sy, = 200 GeV i
> 100F- 0-80 cent., p,:2-5 I =t 0-80 cent., p. : 25 ]
T B In plane yield: 172 = 19 N = 801~ Out of plane yield: 118 + 17
& gl ] 8 [ ]
£ ’ £ 60 + 4
b, T\l
8 eof = § +H1 L

| n 40(= —
B: E -
I - ]

S PN . T i
of LT I YRR T i + Pty
o 20
“ISTAR Preliminary . L STAR Preliminary -
N N R N R R R N R M T R 097576 T8 i85 19 9% 2 506 24
Invariant mass m, . Invariant mass m, .

D*-yield in and out of plane

2015 KOBE JAPAN Quark Matter 2015, Kobe, Japan



D Meson v,

0'3_' L L
- Au+Au 200GeV, 0-80%
025 e D°EP

Non-flow est.

0.2

0.15

0.1

0.05

STAR Preliminary

4y e o b
—-0.05; 1 > 3 7] 5 3

Transverse Momentum P, (GeV/c)

||||||||||||II|III||||||||||
—t@—
——
°
IIIIIIIII|IIII|IIII|IIII|IIII|IIII

N

DP azimuthal anisotropy significantly different from zero for p; > 2 GeV/c
(x¥/n.d.f.= 17.5/4)

B->D feed down is negligible at RHIC energies (<5% relative contribution)

> 23

Quark Matter 2015, Kobe, Japan
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D Meson v,

0'3_' L R
:Au+Au 200GeV, 0-80% Non-flow est. ;

025 @ DPEP —
C O D°v,{2 " .

0.2 -
0.15 P T 3
Al - _
> - b 4 )
0.1:— & I E
0.05F I -
- D ]
Op—-------- ettt R

- STAR Preliminary .

0O e ]
0.0% 1 2 3 4 5 6 7

Transverse Momentum P, (GeV/c)

* Good agreement between EP and 2 PC methods within systematics

~WSTAR -~

15KOBEJAPAN
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D Meson v,

03 IR L L L
:Au+Au 200GeV, 0-80% Non-flow est. .

0.25f @ D°EP -
O D*EP ]

0.2} —

B () ]
0.15F —
Al = .
> B ® .
0.1 :— $ P il —:
0.05F -
Of - b >

N STAR Preliminary ]

-, . . . ! . .l .. . . Jo . . 10010 0 1l n
-0.05 7 > 3 2 5 5 7

Transverse Momentum P, (GeV/c)

« D' v, compatible with D° albeit within large error bars

Sl “ R i? “
~ ~2

Quark Matter 2015, Kobe, Japan
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Comparison to experiment

03— T T T T T T T T T T T T T T T
- Au+Au OZOOGeV, 0-80% Non-flow est. ]
0.25f @ D EP ~
Lo K :
0.2 -
0.15F ajo A | -
B B @ = ]

> F QGG’@ CB b o -
0.1;— C@C) 8 i _;

C =) ’
0.05I- e —
- 8 1
OF-2- - b e -

- STAR Preliminary -

P R R R R R B
_0'050 1 2 3 4 5 6 7

Transverse Momentum P, (GeV/c)

« DOv,is below light hadrons for 1 < p; < 4 GeV/c
e (%2/ndf.=9.6/3)

STAR:PRC 77 (2008) 54901

istar « @)

= 15KOBE JAPAN
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Model comparison: TAMU

* Full T-matrix treatment, non-
perturbative model with internal
energy potential

* Diffusion coefficient extracted
from calculation 2T x D = 2-7

« Good agreement with DY meson v,
at low py, data favors model
including ¢ quark diffusion in the

medium
(w/ c diff.x?/n.d.f.= 1.8/5)
(w/o c diff.y?/n.d.f.=7.4/5)
- x° tests done to v,

Theory: arXiv:1506.03981 (2015) & private comm.

STAR: PRL 113 (2014) 142301

istar « @)

= 15KOBE JAPAN
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0'3_""I""I""I""I""I""I""
[ Au+Au 200GeV, 0-80%

+ p+p uncert.
o $ 8 )

i Non-flow est. E
025 e D° -
- —— TAMU w c diff. ]
0.2f — TAMU wi/o c diff. -
0.15) T -
0.1 —
0.05f —
of =
X STAR Preliminary ]
) o o S A S .
0 1 2 3 4 5 6 7
Transverse Momentum p_ (GeV/c)
L e
1.8 Au+Au 200GeV, 0-10%
1.6 O D°2010/11 =
e D°2014 .
1.4 T — TAMU -
1.2 -
e 'E
0.8~ -

0.2 .. =
S'IFAR P/I’ellmmlary | | | ¢ |
0o 1 2 3 4 5 6 7 8

Transverse Momentum P (GeV/c)

(TR
(9,



0'3_""I""I""I""I""I""IIIII

0.8f-~ + p+p uncert.
1 g

S'IFAR P(ellminlary . . . .
% 1 2 3 4 5 6 7
Transverse Momentum P (GeV/c)

Quark Matter 2015, Kobe, Japan

Theory: arXiv:1506.03981 (2015) & private comm.
STAR: PRL 113 (2014) 142301

S s

Model comparison: SUBATECH W Sttt Nonflowest. -
: SUBATECH ]
0.2 -
0.155— T —
 pQCD+HTL calculation with latest g o1 + ? -
EPOS3 initial conditions - + * T -
0.05— A
 Diffusion coefficient extracted o— ------------------------------- EERRREEEE 4 —
from calculations 2xT x D ~ 2-4 . SIARPeiminary -
_Oilb 1 2 3 4 5 6 7

* Good agreement between model Transverse Momentum p, (GeVic)
and experiment for both v, and 1.8 | | | " AutAu 200GeV, 0-10% ]
Rua IN entire py range 1.6 ® D’ 2014 -]
(x¥/ndf.= 2.8/5) b7 CSUBATECH -
- X’ tests done to v, 15 l % E
P 370 U ;

(0 0)

istar « @)
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Model comparison: Duke

Diffusion coefficient is a free
parameter, fixed by fitting to Ry,
at high p;

Input value for diffusion
coefficient 2nT x D = 7 fixed to fit
LHC results

Model with 2T x D =7 doesn’t
describe the magnitude of v, in
experimental data

Theory: arXiv:1505.01413 & private comm.
STAR: PRL 113 (2014) 142301

5-“,,
N1
Ak s
\

15KOBEJAPAN

0.25}

0.2

0.15

0.1

0.05

— 0.0 5 b

ERELELEE B
[ Au+Au 200GeV, 0-80%
o D°

- —— D° DUKE

Non-flow est.

IIIIIIII||||||TIIII|IIII|I
—
—f@—

STAR Preliminary
TR T B R

0.6
0.4
0.2

Transverse Momentum P, (GeV/c)

0 1 > 3 7] 5 5

\l

e D° 2014
o D°2010/11

Au+Au 200GeV, 0-10%

*

 STAR Preliminary ., ., .., .

0 1 > 3 7 5 5 7

Transverse Momentum P (GeV/c)

Quark Matter 2015, Kobe, Japan
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Charm diffusion coefficient

o 0.2
> i
A - Au+Au— D’ @ 200 GeV L
0.15 —
i ®
0.1 A4
i Dx2nT=1 ] "
0.05 |-
i Dx2nT=7
S ® STARO0-80% ]
i STAR Preliminary —— Duke: D x 21T =1...7
_0.05 I T T N R SR SR R
0 1 2 3 4 5 6 7 8

Transverse Momentum P (GeV/c)

« This model seems to underestimate the data for p; > 3 GeV/c

Scan different values of the diffusion coefficient to find best agreement to data
Best agreement for diffusion coefficient 2nT xD =~1 -3

Theory: arXiv:1505.01413 & private comm.
2015 KOBE JAPAN Quark Matter 2015, Kobe, Japan 18




Diffusion coefficient

— 40 40
Cl\;)l | = Lattice QCD: Banerjee et al. I (il" |
X - O Lattice QCD: Ding et al. pQC‘?_\:Q ______ :; 1
O30 T L 5 30
i —
- @
B 1 N\a’q‘\x\: P é
20 — <20
B <
B
10 R 110
o Jo
0.5

T/,

« Compatible with models predicting a value of diff. coefficient between 2 to ~10
« Lattice calculations, although with large uncertainties, are consistent with values

inferred from data

N

TAR *

Quark Matter 2015, Kobe, Japan
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Outlook

- Run 14;
Full statistics available soon

- Run 15:

 Full aluminum cables for inner layer of
PXL

- p+p and p+A data sets with HFT

- Run 16:

 Full aluminum cables for inner layer of
PXL

- Factor 2 -3 improvement for DY
significance @ 1 GeV ->centrality
dependence for v,

WSTAR \ﬁ(‘

2015 KOBEJAPAN

Year System Events(MB)
Run 14:

Au+Au 128
Run 15:

p+p 1B

p+Au 0.6 B

Future

Run 16:

Au+Au 2B

20
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Summary

0.3 ‘ Sasmmmame
g Au+Au 2ooeev o 80% Non-flow est. ]
025 @ D°EP -
0.2F -
0.15 ]
ol |

> - ]
0.1 + =
0.05 + $ -
L it ]

: STAR Preliminary
-/ ... ... ./l.,.- . ./ .../ . .. | .7
‘0'050 1 2 3 4 5 6 7

Transverse Momentum P, (GeVlc)

DO v, is finite for pr > 2.0 GeV/c
DO v, lower than light hadrons for 1< p;< 4.0 GeV/c

Data favor model scenario where charm quarks flow

DP v, and R,, can be described simultaneously by models and are consistent
with values of 2nTxD between 2 and ~10

Looking forward to improved statistics in year 2016

s
R Vom
Y,

15KOBEJAPAN
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Thank you!
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Back ups
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Diffusion Coefficient from DUKE

= = STAR Preliminary

ARL e
n ~

N % ‘
N\ ny B

20 ’,?g AR *

2015 KOBEJAPAN
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0.4 e

Comparison to ALICE

0.35
0.3
0.25
0.2
0.15
0.1

0.05

-0.05

4\\\\l\\\\‘\\\\T\\\\‘\\\\‘\\\\‘\\\““““‘

® D°STAR0-80% STAR Preliminary

Vv ALICE 0-10%

™

o

Transverse Momentum P, (GeV/c)
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0.4
0.35
0.3

0.25

0.2
o

0.15
0.1
0.05
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® D°STAR 0-80% STAR Preliminary

v ALICE 10-30%

-0.05

o

0.4
0.35
0.3

0.25

0.2
o

0.15
0.1
0.05

—_
»

2 3 4 5
Transverse Momentum P, (GeV/c)

—e—
.
~ 4\ L1l ! | \4—1—&0—0—0—1—’—0—0—1—0—0—0—%‘ [ ‘ Ll ‘ Ll ‘ Ll \4
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R
® D°STAR 0-80%
v ALICE 30-50%

m ™

STAR Preliminary
T RS RS ST RS

e
.
! T I I O \]\ | ‘ Ll ‘ Ll ‘ Ll \4

-0.05

2z 3 4 5 6
Transverse Momentum P, (GeVlc)
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Mass Effect

9V B
< | Au+Au @ 200 GeV 0-80%
_9 i Py Do Q
L) i )
o Q
£ o2p _
S [ oo
[ ok o |
O
> i ceoP ] ° 6® ¢ e b
Q i P *
O 0.1 ® +
_.8 5 % . 4} ..
R N
c : %a
<L 5% STAR Preliminary
0 ........................................................................................................
a | | | | |
0 1 2 3 4 5

m; - m, (GeV/c®)
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